Multi resolution (size and temporal) X-ray computed tomography (CT) is critical for understanding a materials morphology as a result of processing. Measuring the morphological features, (e.g. porosity, ligament diameter, separated phases) can give clues as to the optimal processing parameters. Features measured with X-ray tomography may be as small as submicrometer, to 100's of micrometers in size, internal to the sample, and are often used as a starting point for modeling. Additionally, in situ measurements, in which the material is subjected to a mechanical load during imaging [1] is often used to validate and test a material model's robustness. Due to its ability to collect information on a material's true microstructural geometry, CT is often used as a starting structure for 3D FEM [2] [3] [4] [5] , to examine the artifacts contained within 3D printed materials, and the damage within a material due to insult [6, 7] .
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For this presentation, we will discuss the challenges of using CT (both lab and synchrotron based) imaging and using it to answer questions relating processing and manufacturing to material performance. First, multi-scale CT of metal AM is used to better understand print quality. Meso-scale imaging is used to understand the surface roughness and dimensional accuracy. Micro-scale CT is used to measure the distribution and size of particle inclusions as well as un-sintered material and voids. Figure 1 shows the surface finish and the distribution of voids within a 3D printed metal. Additionally, we will describe the process of collecting and analyzing 4D data, outline the challenges, and describe some recent efforts. Examples to be highlighted include the deformation of 3D printed soft materials; tensile glass-nylon composite specimens, as well as acrylic-based microlattices in compression ( Figure  2 ) using real-time using synchrotron CT. In situ imaging of the bending and deformation of ligaments provides a clear picture of the stress concentration and fracture within these materials, which is critical for model validation. 
